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Qal |Reecent alluvium

Qt2 [Low level terrace

Andesite- trachyandesite. Gray and dark gray porphyritic and andesite- trachyandesite lava composed of mainly
plagioclase and amphibole with calcite, chlorite and sericite as altration minerals.

Acidic rock (rhyodacite, rhyolite). Light gray porphyritic rhyedacite- thyolite composed of mainly plagioclase
and quartz with minor calcite, iron oxide and sericite as altration minerals.

INTRUSIVE ROCKS

Diorite, monzodiorite. Green, dark gray granular to porphyritic diorite and monzodiorite composed of mainly POST
plagioclase, amphibole, epidote. calcite and chlorite. Propyvlitization is main altration in this rocks. EOCENE

OLIGO-
Gb Gabbro and diorite gabbro. Dark and greenish gray gabbro and diorite gabbro with granular, ophitic. sub-ophitic, f\IIOCE_\'E?)

poiclitic and interseertal texture. Plagioclase and pyroxene are main minerals, chlorite, epidote, calcite, iron- oxide and
sericite are altration minerals.

SUB VOLCANIC ROCKS

- Dike rhyodacitic (MIOCENE?)

SYMBOLS

T
2 Geological boundarios 7/ Ore indication
@ Boreholes
Fault

Drainage SAMPLE LOCATION
)\ . Mineralography (Polished section)
\.( Geological cross section ] Petrography (Thin section)

Cu A Lithogeochemical

——\\‘ Ore indication
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ages | BH7- [ BHI0- | ZR2- [ ZR2- | ZR1- | ZR1- | ZR1- | ZRI-
59 20.5 1G 2G 3G 4G 5G 6G
SiO, % | 4836 | 6252 | 49.68 | 5132 | 6844 | 6855 | 5326 | 73.22
ALO; | 1656 | 11.78 | 1832 | 18.06 | 1599 | 1596 | 1732 | 16.26
Fe,0s | 7.72 418 | 1046 | 951 1.42 1.32 8.68 1.38
CaO | 13.05 | 539 8.62 9.22 2.19 1.98 8.39 0.89
Na;Os | 5.09 422 2.68 3.42 7.99 8.14 3.34 0.72
KOs | 023 0.08 0.33 0.91 0.37 0.39 0.35 0.03
MgO 1.40 2.43 481 5.10 0.12 0.16 | 4.90 3.57
TiO, | 0.675 | 0581 | 0.716 | 0.735 | 0325 | 0330 | 0.800 | 0.783
MnO | 0.103 | 0.075 | 0.148 | 0214 | 0.033 | 0.048 | 0.151 | 0.012
P,Os | 0.146 | 0.169 | 0.190 | 0.161 | 0.101 | 0.098 | 0.206 | 0.126
S 0.021 | 0.008 | 0.012 | 0.021 | 0.008 | 0.015 | 0.011 | 0.013
LO.1 | 637 8.36 3.73 1.08 2.73 2.73 2.30 2.62
Cl(ppm) | 129 134 84 145 104 112 169 175
Ba 100 242 200 382 172 332 188 125
Sr 438 198 474 1120 | 289 1220 | 601 272
Cu 27 14 387 100 310 20 140 508
Zn 23 12 48 62 13 9 47 36
Pb 10 7 11 13 8 16 14 37
Ni 21 15 22 23 14 23 21 31
Cr 105 5 14 32 7 5 22 23
Y, 182 82 148 176 25 27 167 188
Ce 15 40 27 43 72 85 8 27
La 10 18 15 24 33 56 5 15
W 4 2 1 2 3 14 9 2
Zr 107 207 112 214 249 381 156 146
Y 13 42 10 14 32 42 17 17
Rb 21 15 19 23 23 21 17 16
Co 23 5 36 37 4 5 29 2
As 35 18 9 41 39 8 15 524
U 1 1 1 1 1 2 2 3
Th 3 4 3 3 2 3 4 5
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Mo 4 2 3 4 2 2 3 2
Ga 15 14 14 14 21 21 15 20
Nb 4 2 2 4 2 3 2 2
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Middlemost (1994)
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Co- Th plot (Hastie et al. 2007)
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Molar Na,O- Al,O;- K0 plot
AICNK-A/NK plot (Shand 1943)
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Basalt tectonic discrimination- Pearce and cann (1973)
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Granite tectonic discrimination- Pearce. et al (1984)
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GRANITOID TYPE WITH DISTINCTIVE MINERALS
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Spider plot- Primitive mantle (McDonough and Sun 1995)
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Spider plot-MORB (Pearce 1983)
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KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. | 0.657123748
Bartlett's Test of Sphericity Approx. Chi-Square | 804.8878028
df 190

Sig. 1.38633E-76
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Variable Au Ag As Cd Ce Co Cr Cu Fe La

Communality | 0.637 0.910 | 0.871 0.922 | 0.925 | 0.944 | 0.941 | 0.712 | 0.936 | 0.954

Variable Li Mn Mo Ni Pb S Sb Th \V Zn

Communality | 0.942 0.815 | 0.902 | 0.943 | 0.854 | 0.897 | 0.827 | 0.879 | 0.917 | 0.921
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Total Variance
Explained
Compone | Initial Extraction Sums of Squared | Rotation Sums of Squared
nt Eigenvalues Loadings Loadings
Total | %of | Cumulati | Tota | % of | Cumulati | Tota | % of | Cumulati
Varian ve % | Varian ve % | Varian ve %
ce ce ce
1 9.50 | 47.45 47.45 9.49 | 47.45 47.45 6.26 | 31.31 31.31
2 4.07 | 20.38 67.84 4.07 | 20.38 67.84 532 | 26.60 57.91
3 3.06 15.32 83.16 3.06 | 15.32 83.16 353 | 17.68 75.60
4 1.02 5.12 88.29 1.02 5.12 88.29 2.53 | 12.68 88.30
5 0.54 2.72 91.01
6 0.48 2.42 93.43
7 0.33 1.69 95.13
8 0.22 1.12 96.25
9 0.18 0.93 97.18
10 0.14 0.70 97.89
11 0.11 0.59 98.48
12 0.09 0.46 98.94
13 0.07 0.35 99.30
14 0.06 0.32 99.63
15 0.03 0.17 99.80
16 0.01 0.06 99.87
17 0.01 0.052 99.92
18 0.00 | 0.043 99.96
8
19 0.00 0.02 99.99
4
20 0.00 | 0.009 100
|
Extraction Method: Principal Component
Analysis.
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Rotated Component Matrix(a)

Component

1 2 3 4

Ag 0.192298 0.906608 0.183221 | -0.13552
As 0.257035 0.761753 0.466608 | -0.08878
Cd -0.24728 0.909467 0.169204 | -0.07295
Ce -0.27145 -0.20496 0.000923 | 0.900082
Co 0.738546 0.325139 0.540782 | -0.00239
Cr 0.905311 -0.01727 0.285482 | -0.19955
Cu 0.139355 0.818178 0.110067 | 0.106177
Fe 0.772316 0.450068 0.358938 | -0.09052
La -0.05962 -0.17974 0.127464 | 0.949897
Li 0.943594 -0.03583 0.151875 | -0.16532
Mn 0.250655 0.546828 0.594185 | 0.316519
Mo 0.283192 0.188528 0.881929 | 0.096185
Ni 0.715189 0.20847 0.62134 -0.05393
Pb 0.153645 0.823014 0.020035 | -0.39093
S 0.922805 0.20741 -0.03211 0.047377
Sb -0.15809 0.505632 0.737945 | -0.05022
Th -0.77747 0.044976 0.249438 | 0.458924
\% 0.872814 0.132092 0.368304 | -0.05251
Zn 0.210369 0.813497 0.049458 | -0.46117
Au 0.430904 -0.03372 0.663299 | 0.105465
Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a Rotation converged in 7 iterations.
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No. Name Type Size Shape Phases Liquid | Vapor

(Hm) (30°C) (%0) (%)
1 | BH1-22.5-1 P 6 oS L+V 80 20
2 [ BH1-225-2 P 10 oS L+V 85 15
3 | BH1-22.5-3 P 9 S s L+V 85 15
4 BH1-22.5-4 P 13 subhedral L+V 90 10
5 | BH1-22.5-5 P 10 oS L+V 90 10
6 BH1-22.5-6 P 9 Lo L+V 90 10
7 BH1-22.5-7 P 8 unshape L+V 90 10
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BH7-75.3 545405 31,55,0 Sleogas Y-F Jga

No. Name Type Size Shape Phases | Liquid Vapor
(um) (B30°%) | (%) | (%)
1 BH7-75.3-1 P 6 unshape L+V 85 15
2 BH7-75.3-2 P 7 euhedral L+V 65 35
3 BH7-753-3| P 7 euhedral L+V 80 20
4 BH7-75.3-4 P 7 subhedral L+V 70 30
5 BH7-75.3-5| P 10 subhedral | L+V 80 20
6 BH7-75.3-6 P 10 IRVAY L+V 80 20
7 BH7-75.3-7 P 14 0duwisS L+V 85 15
BH10-22 90 31,590 Sluogas F-F Joa
No. Name Type Size Shape Phases Liquid Vapor
(Hm) (30°C) (%) (%)
1 BH10-22-1 P 13 unshape L+V 90 10
2 BH10-22-2 P 11 unshape L+V 85 15
3 BH10-22-3 P 15 subhedral L+V 90 10
4 BH10-22-4 P 8 subhedral L+V 90 10
5 BH10-22-5 P 9 subhedral L+V 95 5
6 BH10-22-6 P 12 subhedral L+V 70 30
7 BH10-22-7 P 14 subhedral L+V 85 15
8 BH10-22-8 P 8 unshape L+V 90 10
9 BH10-22-9 P 9 unshape L+V 90 10
10 BH10-22-10 P 10 subhedral L+V 70 30
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No. Name Salinity(wt% Th (V- L)
NaCl equiv.)
1 BH1-22.5-1 22.58 178.8
2 BH1-22.5-2 2291 216.7
3 BH1-22.5-3 23.05 161.3
4 BH1-22.5-4 20.89 179.0
5 BH1-22.5-5 24.65 198.7
6 BH1-22.5-6 25.64 208.7
7 BH1-22.5-7 23.70 175.1
8 BH7-75.3-1 24.21 215.8
9 BH7-75.3-2 21.75 189.9
10 BH7-75.3-3 22.85 201.2
11 BH7-75.3-4 22.58 2253
12 BH7-75.3-5 23.76 194.4
13 BH7-75.3-6 24.15 226.5
14 BH7-75.3-7 24.59 213.1
15 BH10-22-1 23.95 178.3
16 BH10-22-2 22.38 226.0
17 BH10-22-3 22.38 197.8
18 BH10-22-4 21.61 178.2
19 BH10-22-5 22.44 152.7
20 BH10-22-6 22.51 225.4
21 BH10-22-7 23.24 167.7
22 BH10-22-8 23.24 190.8
23 BH10-22-9 23.76 188.1
24 BH10-22-10 22.38 201.2
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Typical characteristics of fluid inclusions in hydrothermal ore deposits

Deposit type

Host minerals

Ty, range

Salinity range

Daughter Trapped phases

Comments

(°C) (wt.% NaCl equiv.))  minerals
Mississippi ce, dol, fluor, SO-180 15-30 Petroleum CHy4 may be
Valley-type ba, gz, sph present
[rish-type cc, dol, sph, 150240, 1018, Caleite, K-mica  Mixing of two fluids,
qz, ba BO-150  20-25 high T fluid
has low COy
Voleanic-associated gz, ba 80340 -8 Higher T and
massive sulphide S in stockwork zones
Granitoid- qz., woll. 150500 0-45 hal, syl. chlor,  Tourm. ksp 0, often present,
assoctated veins Mluor, cc bor, anh, ce, common effervescence
hm. mt, sulph
Porphyry-copper qz 200-700 0-70 hal, s¥l, chlor, Effervescence common.
cpy. hm €05 in deep systems
Epithermal qz, cc. sph 100300 0-12 daw Sometimes low CO;,
common effervescence
Mesothermal gold qz. cc 200400 2-10 daw High CO, + CH or N,
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Cu: 45.5%
Ag: 0.152 %
Au: 0.095 %
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Zn: 50-250 ppm
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Abstract

The Zarandieh copper district is situated in Markazi province, northeast of Saveh, 8 km
southeast of Mamuniyeh city. In terms of tectonic, this region is located in the middle
part of Urmia-Dokhtar magmatic belt. The oldest rocks units are rhyolite,
rhyodacite,andesite, trachy andesite and Eocene-oligocene pyroclastic rocks. The
plutonic and hypabyssal bodies of diorite, monzodiorite and gabbro with the age after the
Eocene (probably miocene) injected into the volcanics rocks. Copper mineralization in
zarandieh area is mainly observed as vein and veinlet, breccia and open space-filling in
intrusive and volcanic rocks (especially intrusive rocks). The alterations are included
propylitic, argillic, sericite, silica, carbonate, iron oxide and albite. Paragenesis of
mineralogy consists of pyrite, chalcopyrite (main ore), bornite, chalcocite, covellit,
malachite, azurite, native copper, oligist, hematite, goethite and limonite. The most
important textures of the region are disseminated, vein-veinlet, brecciation, and open
space-filling and replacement. According to the geochemical studies, igneous rocks are
of the calc-alkaline nature and metaluminous and classified as I-type granitoid series. In
terms of tectonically, volcanic arc related to with subduction and collision areas.
Correlation coefficients show that Cu has the highest correlation Respectively with Ag,
As, Zn, Cd, Pb and somewath Mn and Fe. The correlation between Cu and Mo and Au is
insignificant. Based on the study of the fluids inclusion, the homogenization temperature
vary from 152.7° to 226.6 °C (average 195°C) and salinity 20.89 to 25.64 Wt % NaCl

(23%), that refers to mixing magmatic and meteorice waters (especially magmatic water)
as the main volume of ore-forming fluids, which are located at low depth. Based on
homogenization temperature and salinity amounts, copper mineralization occurred at a
pressure of less than 50 bar and a depth of less than 500 meters. Geological,
mineralogical, geochemical, and fluids inclusion microthermometry evidence of
mineralization in Zarandiyeh copper introduce a type of hydrothermal vein granitoid-
related.

Keywords: Mineralogy, geochemistry, fluid inclusion, diorite-gabbro intrusives, vein-

type copper, Zarandieh.
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